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H/C 0.796 0.466
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TOF 
(h1)
Total acidity
(mmol/g)
SAC-13 200 0.17 41.5 0.18
Dowex 10 5.30 28.3 4.46
Deloxan 100 0.80 28.1 0.78
Sulf-silica 100 0.74 30.0 0.75
SCNF 300 0.08 29.6 0.29
Sulf-AC 100 0.38 14.2 0.97
SHTC 100 0.59 127.2 5.43
Esterification of palmitic acid
1.92 g palmitic acid (7.5 mmol)
3.04 ml methanol (75 mmol)
M catalyst
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Higher activity than
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Esterification of glycerol
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acetic:glycerol:sulfonic
9 : 1: 0.005
ROOH % MAG % DAG % TAG
Acetic 5 38 57
Butyric 1 18 81
Caprylic 1 19 80
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Origin of the higher activity
Reaction
order
SHTC Deloxan Others*
MeOH 1.27 0.91 0.59-0.72
Palmitic acid 1.81 1.56 0.74-0.87
Catalyst 1.00 1.13 -
*Reaction of acetic acid and 
methanol catalyzed by
sulfonic solids
S. Miao, B. H. Shanks,
J. Catal. 2011, 279, 136
Y. Liu, E. Lotero, J. G. Goodwin Jr.,
J. Catal. 2006, 242, 278
Network of H-bonded
surface acidic groups
Acid adsorption and 
proximity effect
First step in
esterification mechanism
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Drawback: deactivation by reaction
A
a
b
c
Deloxan
fresh
treated MeOH
under vacuum
50 ppm
Su
pp
or
t
B
b
52
.5
 p
pm
SHTC
52.5 ppm
O
S
O
CH3
O
Protonation of the 
neighbour acidic 
group
J. M. Fraile, E. García-Bordejé, E. Pires, L. Roldán, J. Catal. 2015, 324, 107
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Advantage: stability against water
1.92 g palmitic ac. (7.5 mmol)
3.04 ml MeOH (75 mmol)
100 mg SHTC (0.059 mmol SO3H)
0.75 to 7.5 mmol H2O 
(up to w/SO3H = 127)
r0(w=1)/r0(w=0) = 0.48
SHTC in the presence of 1 eq water is
still 1.6 times more efficient than
Deloxan in the absence of water
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1.92 g palmitic ac. (7.5 mmol)
3.04 ml MeOH (75 mmol)
100 mg catalyst
1.92 g palmitic ac. (7.5 mmol)
3.04 ml MeOH (75 mmol)
81 ml water (4.5 mmol)
100 mg catalyst
The presence of water improves
recoverability by inhibition of the
esterification of the surface acidic
groups
J. M. Fraile, E. García-Bordejé, E. Pires, L. Roldán, J. Catal. 2015, 324, 107
- The highest activity of SHTC seems to be related to the high surface density of acidic
groups (sulfonic and carboxylic), having a cooperative effect between them. The acidic
groups form a dense network of H-bonds, which is open in polar solvents, allowing free
access to the catalytic sites.
Conclusions
- The high acid density favors deactivation due to reaction with alcohols on the surface.
At the same time SHTC is highly tolerant to presence of water in the reaction medium,
that significantly improves the recovery of the solid.
- New ongoing research: optimization of sites density (maximization of activity,
minimization of deactivation) and application to other reactions of interest.
- Sulfonated hydrothermal carbon (SHTC) is much more active than other sulfonic solids
for esterification of fatty acids with alcohols (MeOH or EtOH) and glycerol with carboxylic
acids, irrespective from the nature of the sulfonic groups (aliphatic, aromatic,
perfluoroaliphatic).
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